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i diameter of the contour ranged between 104 and about 106

• i!. It was found that pressure signals at the base of the cavity for an
oscillating cavity flow as high as 150 dB, referred to 20 _N/m_, c_uld be

!_' obtained and that a total acoustic power as high as 20 W was estimated. _i
.i Furthermore, pressure oscillations existed for cavity depths as small as _
_,i 0.050 in. It may be that this is not the minimum depth for which oscilla- '_

_').: tions are generated, since the next smaller depth tested was 0.020 in. For
! the smallest depth, of 0.020 in., pressure oscillations in the cavity did _:_

not occur.

Cavity oscillationswere mo_e pronounced when the cavity was located in
i the favorable (negative) pressure gradient region of the axi-symmetric body.
il Instant spark shadowgraphs taken for both laminar and for turbulent boundary
!'_ layer flow separation at the upstream cavity corner showed the presence of '
F. large, organized vortex structure_ in the oscillating shear layer. Hean
L. velocity measurements of an oscillating cavity shear layer indicated an
i:o entrainment rate, dO, as large as 0.046 as compared to a non-oscillating

_' cavity shear layer entrainment d_ _ 0.021, where 0 is the momentum thickness
i dX
_ and X is the streamwise coordinate. The above large entrainment rates for a

turbulent separated cavity flow appeared to have been caused by the presence
- of these organized large-scale vortex structures imposed on the flow by the
!, oscillating cavity flow system.
i"
P
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I. INTRODUCTION

i,o_ The phenomena associated with oscillations in flows over cavities have
m been observed over a range of shear flows and cavity configurations. The role

of the shear layer in these sustained oscillations (Refs I t_ 8) is morecomplex in flows over shallow cavities which have a depth d _ length b of the
cavity (Refs I and 6) than in deep cavities for which d >> b. In deep
cavities, the shear layer has been observed to act as a forcing mechanism and

" the oscillation phenomenon in them is caused by an acoustic resonance in the
depth mode !Ref 9). Previous experiments performed by the authors (Refs 5 and
6) showed that the oscillations in shallow cavities are not caused by acoustic

, resonance phenomena in the longitudinal direction. Instead, these
oscillations result from propagating disturbances which are amplified along
the cavity shear layer.

The flows over shallow cavities are of interest because, under certain
flow and geometrical configurations,they result in strong periodic
oscillationswhich modify the drag (Ref 10), and modify the heat transfer
(Refs 11 and 12), and result in strong pressure oscillations inside the cavity
(Refs 10, and 12 to 14), as well as in the production of sound (Refs 4 and 6).

Karamcheti (Ref 4) studied the acoustic field from two-dimensional
cavities in the Mach number range between 0.25 and 1.5. It was observed that
for a fixed Mach_number and depth, the minimum width for producing
oscillationswith laminar flow separation at the upstream corner of the cavity
was smaller than with turbulent flow separation. No detailed measurements
were made of the manner in which the aerodynamic and geometric conditions
influence the onset of the cavity flow oscillations. Experiments performed at
low subsonic speed with laminar boundary-layer separBtion at the upstream
cavity corner (Ref 5) showed that the onset of cavity flow oscillations was
critically dependent on the boundary-layer flow conditions at the upstream
cavity corner.
However, no such measurements were made for turbulent, separated cavity shear
flows.

Although there have been many investigationsof cavity flows, very little
is known about the details of the cavity flow field for a turbulent, separated

, shear layer. A careful and systematic investigationof the onset of cavity
oscillations would lead to significant information that would be important in
designing cavities for a desired application. The information needed is the
manner in which the organized velocity fluctuations in the cavity shear layer

• modify the entrainment of a turbulent separated shear layer at the upstream
cavity corner. Such an investigationwas undertaken, in which pressure
measurements and hot-wire measurements were made; also, photographs were taken
of the flow field in the vicinity of the cavity.

2. EXPERIMENTALARRANGEMENTS AND MEASUREMENTS

2.1 Model and Free-Jet Facility

Experiments have been performed on two axi-symmetriccavity flow
models which had outside diameter_, D, of approximately 2 and 2.2 in. The

f
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2.0-in.-diammodelwith an ellipsoidalnose had provisionfor variationof
depth,d, in stepstogetherwith a continuouslyadjustablewidth,b. This
modelwas primarilyusedfor flow visualization.Eitherlaminaror turbulent
boundarylayerscouldbe obtainedat the upstreamedge of the cavity.

The secondmodel had a fuse nose shapeas indicatedin Figure1.
The cavitywidth,b, of thismodel could be changedin stepshavingvaluesof
0.225,0.3, 0.4, 0.45,and 0.5 in. For eachwidth,fourcavitydepths,d, of
0.2,0.1, 0.055,and 0.02 in.could be obtained. Thismodelwas testeoin the
potentialcore of a 7-in.-diamfree-jetflow. Studieswere conductedusing a_

free-Jetvelocitiesas high as 650 ft/sec. Throughoutthe presentexperiments
of the fuse nosemodel,the leadingedgeof the cavitywas fixedat X_ = 2.5
in.fromthe leadingedge of the fusenose. Thismodel had provisionQfor

° insertinga pressuretransducerat the base of the cavity. To analyzecavity
oscillations,a hot-wlreprobecould be insertedin the shearlayerwithout
disturbingthe flow aroundthe cavity. The probewas moved acrossas well as
alongthe shear layer. Its locationcouldbe determinedwithin0.001 in.

An identicalfusenose shapemodelwithouta cavitywas usedto
measurethe wall staticpressuredistribution.Thesemeasurementswere
carriedout over a range of velocitiesup to 500 ft/secto determinethe
influenceof Reynoldsnumberon the pressuredistribution.A totalof 19
staticpressuretapswere spacedalongthe surface.

2.2 Instrumentationand Measurements

Constanttemperature,hot-wireanemometrywas usedextensivelyto
determinethe frequencyo_ cavityoscillation.The linearizeddc outputof
the hot-wirewas recordedon an X-Y plotterto measurethe mean velocityin
the cavityshear layer. The ac outputsignalsof the hot wire, which are
proportionalto the velocityfluctuationsin the cavityshear layer,were
passedthrougha filterand then analyzedon an all-digital,real-time
spectrumanalyzerto determinethe frequencycontentsof the u' cavityflow
velocityfluctuations.The hot-wireoutput_as recordedon an X-Y plotterand

simultaneouslydisplayedon an oscilloscopeand photographed.

J The pressurefluctuationsof the flow insidethe cavitywere/

measuredwith a 1/8-in.pressuretransducerwhich was flush-mountedon thebaseof the cavity. The rise timeof this transducerwas 2 usec. The
J_ frequencyresponseof the pressuretransducerwas from 2 to 40,000Hz. The

outputof the pressuretransducerwas amplified100 timesand then passed
througha filterto removethe componentof the signalcausedby the vibration
of the system. The rms valueof the pressuresignalwas measuredon a time-
averagingrms voltmeter. The signalwas also analyzedon a spectrumanalyzer
to determinefrequencydistribution.From the valuesof the mean square
pressurefluctuationsinsidethe cavity,the powerof the acousticwaveswas
estimatedas a functionof cavityflow for each cavityconfiguration.

2.3 Flow Visualization

Flownear the cavitywas visualizedby injectinga smallamountof

CO2 gas fromthe insideof the cavity. Instantspark shadowgraphswere
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! _i takenusingan electronicstroboscope.The durationof the flashwas less
_ than0.3 psec duringwhich timethe cavityflowwas photographed.This time

i I was shortenoughto "freeze"the motionof the cavityflow field.

_ 3. EXPERIMENTALRESULTS
i"'

I
_. 3.1 MinimumWidth for Oscillationsto Occur

i •. The effectof free-streamvelocityon differentcavityconfigurations
_ was determined.Figure1 showsthe nomenclatureusedto expressthe dimensions

' _ and flowquantities. For a given flow,a minimumcavitywidth existedfor
_. _ • which no strongcavityoscillationswere present. Resultsof the instant

' _ _i outputof the cavityshear layervelocityfluctuationsand of the cavity

pressureoscillationsfor b < b . when U, = 183 ft/secare shown in Figure
• 2(a). The lowerhot-wiretracem_es showweak periodicve'locityfluctuations,

' i but they do not contributeto strongpressurefluctuationsinsidethe cavity.

° ! Figure2(b)shows,tracesfor b > b • for the samefree-streamvelocityU =
°o _ 183 ttlsecwnen tne cavltyflowwa_ _sclllatlng.The valueof bm_. was 0.25

,. ._ in. By comparingthe tracesin Figure2(a)with those in Figure2_b), it isevidentthatthe oscillationswere strongand almost,but not purely,
sinu_o!dalin nature. It shouldbe noted that bothverticalanJ horizontal

i ° scaleswere identical.When the spectraof u' and of p' were taken,higher
! harmonicsof the fundamentalwere observedbecauseof some superimposednon-
!_ " linearu' and p' fluctuations.Thesehigherharmonicsin the spectrumof u'
_' ° and p' shouldnot be confusedwith the highermodes of cavityflow
i. oscillations.

i" In the presentinvestigation,the conditionsthatcaused the onset
i_, of the cavityflow to oscillatewere studiedfor a turbulentseparatedshear
i' layerand were comparedwith the laminarboundarylayerresultsof Reference
; 5. As for the laminarseparated-flowcase,the presentturbulentFlowresults

alsoshow thatthe experimentalresultsseemto fall on a singlecurvewhen
plotted

I bmin / U® _o

V
i _o vi o

I: as a functionof the non-dimensionaldepth,d . This is shown in Figure3.

_ * For a givendepth,d , and cavityflow conditions,U and _o' it was found

that bminturb > bminlam. The value6o is the shear layerthickness
at the upstreamcornerof the cavity.

3.2 CavityFlowOscillationFrequency

Figure4 showsthe influenceof free-streamvelocityon the frequency
of cavityoscillationsfor a cavitywidthb • 0.25 in. and a depth d = 0.2 in.
The cavityflowbeganto oscillateat U = 470 ft/sec,and no periodic

_mln
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pressurefluctuationsexistedfor U < 470 ft/sec. As the free-streamvelocity
was increased,the cavityflowoscillationfrequencyincreasedalmostlinearly.
Withinthe range of free-streamvelocity,the cavity-flowoscillationsremained
primarilyin the firstmode,which correspondsto a non-dimensionalfrequency
fbof 0.4 to 0.6. Becauseof somenon-linearitysuperimposedon the pressure
U

_" slgnal,however,the Fouriertransformof this signalindicatesa
• ; comparativelysmallamountof energyin the secondmode of cavityflow '

oscillationas shown in Figure4. The secondmode shown in Figure4 (aswell
_ as in Figure5, discussedbelow)had lessthan 10% of the totalperiodic

o i energyand thusshouldnot be confusedwiththe cavityoscillationphenomenon
_I in the secondmode of operation. For the same depth,d = 0.2 in.,when the

°I cavitywidthwas b = 0.3 :n.,as indicatedin Figure5, the cavitybegantooscillateat a lowerfree-streamvelocityof 414 ft/sec. At free-stream
velocitiesup to 600 ft/sec,the cavityflow remainedprimarilyin the first

i mode of operation. The frequencydata for other cavityflowand geometrical
ol configurationsare given in Tables1 to 10.
l

_ _ r Figure6 showsthe resultof the effectof free-streamvelocityon

non-dimensionalfrequencyfb for variousdepthsof the cavities. The
non-

' dimensionalfrequencydecreasesslowlywith an increasein free-stream
velocitybut is independentof the depthof the cavity. The first¢_de occurs
arounda non-dimensionalfrequencyof 0.4 to 0.5 and the secondmode aroundfb
of 0.75to 1.0. U--

' 3.3 CavityFlow InducedPressureOscillationsand Tone Energy

Resultsin Figure7, for b = 0.3 in. and d = 0.1 in.,are typical
for the filteredrms _ressurefluctuationsnormalizedwith the free-s_:ream
dynamichead 1/2p_U__, which is shownas a functionof free-streamvelocity.
It is apparentin_igure 7 that very littleenergyexistsfor low free-stream

velocities,i.e.,for velocitieslessthan Umin.

Withinthe rangeof velocitiestested,the cavitycould convertis
much as 1.5%of the free-streamdynamichead intotoneenergy. These pressure
oscillationswere due to the secondmode of cavityflowoscillations.

Resultsfor thisconfiguration,when plottedin termsof sound
pressurelevelfor the tone producedby the secondmode of the filteredcavity
ressureoscillations,are indicatedin Figure8. Soundpressurelevelsas
igh as 150 dB were observed. It shouldbe rqted thatoverallsoundpressure
levelswere as much as 10 to 15 dB abovethe filteredsoundpressurelevel
indicatedin Figure8. A typicalset of spectraof the cavitypressure
oscillationsignalsat threefree-streamvelocitiesis shown in Figureg. The
tone of the secondmode is clearlyevidentat the two highervelocities.

3.4 AcousticPowerGeneratedInsideCavit_

An estimatewas madeof the availableacousticpowerof the pressure ilb_
oscillationsinsidethe cavityby assumingthat the pressurefluctuationsas r-
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sensedby the pres@.swr__ transducerwere causedprimarilyby the planeacoustic

_i waves. The term p'L/PoC_ givesthe acousticpower in the cavitypressurefluctuations.?he readeris referredto Ref. 15 (pp.249-253)for a
detai_edanalysison the energyof soundwaves. Resultsof thiscomputation
are tabulatedin TablesI - 10 for variouscavitywidthsand depthsas a

functionof free-streamvelocityU_. Figure10 showsthe availableacoustic

power insidethe cavityfor a cavitywidth of b = 0.3 in. and a depthof d =

0.055 in. as a function_f Uoo_. For a non-oscillatingcavityflow
I configuration,i.e.,U_ U min'

very littleacousticpower is available. As the free-streamvelocitywas

• increasedbeyondU_ _ 420 ft/sec,the cavityflow beganto oscillateviolently,
resultingin an increasein the availableacousticpower. As the velocitywas
increasedeven farther,the availableacousticpower increasedveryrapidlyto
approximately4 W. The experimentalresultsin Figure11 for b = 0.4 in. and
d = 0.1 in.furthershowthat the availableacousticpowerof approximately20

!_i!! Wwas estimated._ 3.5 Flow Visualization

_i_°i_<i The flowwas made visibleby injectingCO_ gas at the baseof the

cavity. Sparkshadowgraphswere takenfor both laminarand turbulentboundary
layerflowswhichseparatedat the upstreamcornerof the cavity.

°I The shadowgraphsin Figure12 for laminar-separatedcavityflow show

i an organizedlargevortexstructurewhich is almostindependentof small-scaleturbulentstructure. By contrast,small-scaleturbulence,in additionto
large-scalestYuctures,can be seen in the shadowgraphsfor a separated

, turbulentboundary-layerflow in Figure13. The small-scalestructurein the
turbulentseparatedmixing layerproducedthe superimposednon-linearityin
the u' cavityvelocityfluctuationsignal. Thesephotographsclearlyindicate
the basicsimilarityof the cavityflow structurefor both laminarand
turbulentseparatedboundarylayershearflows as seen in the vicinityof the
cavity. For the laminarboundaryflow, the hot-wiresignalsindicateda near-
sinusoidalvelocityfluctuationin the cavityshear layer.

3.6 Growthof CavityShearLayer

Meanvelocityin the cavityflowwith turbulentboundarylayerwas
measuredfor variouscavityconfigurationsto determinethe growthrateof the
cavityshear layer. Detailedmeasurementsweremade with a fixedupstream

" Reynold'snumber,Reoo = 1.60x 10_, and fixed depth,d__= 37.5. From
+!_esemean velocityprofiles,the momentumthicknessO0_s definedbelowwas
determined:

,>-st (,-t)
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In carryingout the integrationinsidethe cavity,the integration
was terminatedwhere U(y)was approximately5 to 7 % of the mean edge velocity,

_ U . In this region,the hot-wiremeasurementsare very doubtful. Measurements
_i° o_ the growthrate of the cavityshear layerfor b = 34.7,b = 55.2,and b =

!o 83.5, whichcorrespondto non-oscillatingand oscillatingcavityflows,
i" respectively,are indicatedin Figure14. Also shown is the growthratedO,

, which indicatesthe entrainmentrate of the shear layer. This entrainment
i ratewas approximately0.021 for the non-oscillatingturbulentcavityshear
; layerand increasedto a value as highas dO = 0.046. This highentrainment
) iIX •

_ rate of the shear layerseemsto resultfrom the presenceof organizedlarge-
i i scale structuresin the cavityshear layer,as shownabove in Section3.5.

Similarresultshavebeenobtainedfor laminarseparatedcavityshearflows
_ (Ref5)io _ "

i_ i 3.7 StaticPressureDistributionMeasurements
! ,

For the computationof the boundary-layergrowthoverthe fusenose,
L a prerequisiteis the pressuredistributionover the body. This information

can be usedto predictb_,_. Figure15 indicatesthe pressurecoefficient
i/ Cn as a fgnctionof str_Ise distances/D for U== 480 ft/secandRen =

5_43 x 10_. The staticpressurewas almostequalto the stagnationpressure
= _ on the flat portionof the nose but droppedsuddenlyas expectedat the corner
_i of the nose. One can inferthe existanceof a smallseparationbubbleat the

i corner. The staticpressurerecoverssuddenlyarounds/D = 0.17where the,i_ flow attaches. Downstreamof this attachmentpoint,i.e.,s/D > 0.2,the flow
• acceleratesand the staticpressuredrops slowly.

A comparisonof staticpressuredistributionon the fusenose shape
for variousReynoldsnumbersis shown in Figure16. Withinthe rangeof the
free-streamvelocitytested,the pressurecoefficientwas independentof the
Reynolrlsnumber.
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NOMENCLATURE

I i
b Cavitywidth (FigureI) i

Co Ambientacousticspeed !
t t

P'P= 1
Cp _ Pressurecoefficient

½p=U=
• i

dB Sound pressurelevel_ 10 loglO_decibel I

!_oo: d Cavitydepth (FigureI)

_o_|' D Outsidediameterof axi-symmetricbody (Figure1)

, f Frequencyin Hz

p Localstaticpressureon the body 1

p' Pressurevariationass_)ciatedwith propagating
acousticwave

p _ Rootmean squarepressurefluctuation

R Outsideradiusof the axi-symmetricbody

Reynolds numberbasedon bodydiameter,momentum
ReD' ReGo' Rego thickness, boundary layer thickness

s Streamwisepositionalong the model surfacefrom
, leadingstagnationpoint

u' Velocityfluctuationsin X direction

' " U(Y) Mean velocityin X direction "

U= Free-streamvelocity

X Streamwisecoordinatefrom upstreamcavitycorner

Xo Locationof upstreamcavitycornerfrom X = 0

y Transversecoordinate
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i _ Wavelengthof the propagatingdisturbancein
i. , the shear layer

Ii:i....i
' Po Densityof ambientairI' i

I :
!_,,: _" 60 Shear layerthicknessat X 0
_,,_.: 0o Shear layermomentumthicknessat separationwhere
_ X=O

i ,,i fb Non-dlmenslonalfrequency

I__ U

Correspondsto the conditionsfor onset of cavity

• ":,I_, , ( )mln oscillations

° ( )lam Laminar'flow condition

( )turb Turbulentflow condition
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iI TABLE1.' ,.

i THE EFFECTSOF U® ON p, ON ACOUSTICPOWER,AND ON CAVITYFLOW" O_CILLATIONFREQUENCYFORFIXED VALUESOF b 0.198 in ANDd 0.055 in.

¢

" VELOCITY,U, p FREQUENCY, TOTALPOWER

ft/sec psI kHz WILts

176.8 0.00567 NoCavity Oscillations 2.74 x 10"3

204.7 0.00695 4.12 x 10-3

229.1 0.00855 6.23 x 10-3

248.6 0.00963 7,90 x 10-3

283.4 0.01342 1.53 x 10-2

324.6 0.0182 2.82 x 10-2

341.4 0.0208 3.68 x 10-2

366.5 0,0257 5.62 x 10-2

i 389.7 0.0299 7.62 x 10-2

411.4 0.0353 0.106

429.2 0.0406
• 0.140

457.8 0.0465 0.184

| 475.6 0.0524 0.234

498.7 0.0588 0.294

551.7 0.0829 0.586

587.2 0.0989 0.834

639.8 0.133 1.50

i. l \ :̧ ¸ ........................._ .............. I............ !' t I I ........... I.....................,................... '
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_ TABLE2

2 THEEFFECTSOFU ONp, ONACOUSTICPOWER,ANDONCAVITYFLOWOSCILLATIONFREQUENCYFORFIXEDVALUESOFb = 0.3 in. ANDd = 0.055 in. •

Illi_

VELOCITY,U, p FREQUENCY,kHz TOTALPOWER

. ft/sec pst 1st Node 2ndNode 3rd Node Watts

" ° d

_i 147.3 0.00465 2.82 x 10-3
g _ ,

i ! 207.6 0.00696 6.31 X 10-3

l:,

',i 239.1 0.00600 4.50 x 10-3 ._

_. i 275.2 0.00829 8.97 x 10-3

r i o.olo, o.ol
i'l 354.2 0.0157 0.032f

I 429.2 0.0717 0.670

464.5 0.0824 14.7 0.885

563.9 O.0882 17.2 1.02 i

590.4 O.120 17.7 1.89

619.6 0.149 18.2 2.89

650.9 0.179 18.9 4.19

0

I

i
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i THE EFFECTSOF UooON p, ON ACOUSTICPOWER,AND ON CAVITYFLOW

OSCILLATIONFREQUL_CYFOR FIXED VALUESOF b = 0.35 in. AND d = 0.055 in.

. _

• VELOCITY,Uoo, p FREQL,ENCY,kHz TOTAL POWER

ft/sec psi 1st Mode _nd Mode 3rd Mode Watts

279.3 0.0100 0.015

:il! o o
ij_ 372s o.o214 0.070

419.1 0.0331 0.168

462.3 O.0481 O.354

490.5 0.0695 13.1 0.740

553.5 O,0941 14.4 1,36

585.5 0.111 15.0 1.89

624.0 O.148 15.7 3.34

• 659.1 0.187 16.3 5.37
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I '• _ TABLE4 !

"' THE EFFECTSOF U® ON p, ON ACOUSTICPOWER,AND ON CAVITYFLOW "i
_' OSCILLATIONFREQUENCYFOR FIXED VALUESOF b = 0.45 in. AND d = 0.G55 in. _I

VELOCITY,U, p FREQUENCY,kHz TOTAL POWER °

ft/sec psi IstMode 2nd Mode 3rd Mode Watts

. 207.6 0.00652 0.008

295.3 0.0137 0.037

328.0 0.0185 0.068

i. 360.4 0.0230 13.9 0.105

411.4 0.0326 14.4 0.211

443.8 0.0412 14.9 0.337

473.4 0.0508 15.5 0.513

518.5 0.0674 16.3 0.903 i
I

553.5 0.0872 10.6 17.1 1.51 _
,i

587.2 0.120 10.9 17.9 2.88 :
i

624.0 0.155 11.4 18.7 22.6 4.78 i

!
676.1 0.214 11.5 19.8 23.8 9.13

i

i
i

i

t



1ABLE 5

THEEFFECTSOF U®ONp, ONACOUSTICPOMER,ANDONCAVITYFLOW

" OSCILLATIONFREQUENCYFORFIXED VALUESOF b ,, 0.4 tn. ANDd = 0.055 in.

t

VELOCITY,U, P FREQUENCY,kHz TOTALPOMER

ft/sec pst 1st Node 2nd Node 3rd Mode ilatts

275.2 0.00925 13.1 0.015

310,3 0.0135 13.6 0.032

347.9 0.0193 13.9 0.065

386.9 0.0299 - 0.157 i

453.2 0.0513 17.6 0.463

484.2 0.0615 18.1 0.665

510.7 0.0716 18.7 0.901

542.8 0.0834 12.3 19.7 1.22

579.0 0.0973 12.9 20.8 1.66

" 619.6 0.174 13.5 22.0 6.33

678.7 0.198 14.5 23.0 6.89
I
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TABLE6

THE EFFECTSOF U® ON p, ON ACOUSTICPOWER,AND ON CAVITYFLOW

OSCILLATIONFREQUENCYFOR FIXEDVALUESOF b = 0.5 in. AND d = 0.055 in. ,,

am*,!

,q

VELOCITY,U®, p FREQUENCY,kHz TOTALPOWER

ft/sec psi 1st Mode 2nd Mode 3rd Mode Watts •

218.6 0.0096 0.020
LI

266.6 0.0144 0.046

I'I;i 306.6 0.0187 0.078
f 4

J 384.1 0.0369 0.303i i
j

! 434.1 0.0658 12.0 0.964 .i
i 471.2 0.0872 12.8 1.69

533.7 0.1Z8 14,1 3.67

551.7 0.144 14.5 4.62

593.5 0.191 14.9 8.16 "

621.1 0.226 15.5 11.4

650.9 : 0.259 15.8 ' 15.0
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• TABLE 7

THE EFFECTSOF U ON p, ON ACOUSTICPOWER,AND ON CAVITYFLOW

_._ • OSCILLATIONFREQUENCYFOR FIXEDVALUESOF b = 0.225 in_ AND d = 0.1 in.

F_ _ t t

i VELOCITY,U , p FREQUENCY,kHz TOTALPOWER

°'. ft/sec psi 1stMode 2nd Mode 3rd Mode Watts

° 306.6 0.018 0.0294

i_ 366.5 0.032 18.0 0.0978

426.7 0.053 20.0 0.264

455.5 0.064 21.1 0.389

516.6 0.088 22.9 0.735

557.0 0.115 24.1 1.26

585.5 0.131 13.0 25.0 1.63
L

613.6 O.158 13.3 NOT 2.37

MEASURED

' 619.3 O.240 14.2 NOT 5.47

MEASURED

I
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7. •

", TABLE8

_" " THEEFFECTSOF U®ONp, ONACOUSTICPOWER,ANDONCAVITYFLOW

_° OSCILLATIONFREQUENCYFORFIXED V/_J.|IESOF b - 0.3 tn. ANDd = 0.1 in. "

il;' !

.... VELOCITY,U=, p. FREQUENCY,kHz TOTALPOWER

i° ft/sec pst 1st Node 2nd Mode 3rd Mode Watts

oi 287.4 0.0107 - 0.0145
i + '

;. i 351.1 0.0208 13.8 0.0551

_, 381,2 0.0262 14.3 0.0874

414.0 0.0342 15.0 0.149

I' 457,8 0.0513 16.3 0.335

! 494.6 0.0695 17.3 0.615

524.3 0.0887 18.0 1.00

563.9 0.116 18.9 1.71

595.1 0.1_1 19.7 2.56

631.3 0.174 20.5 3.85

674.8 0.226 21.8 6.49

/



VELOCITY,U, p FREQUENCY,kHz TOTALPOWER

ft/sec psi 1st Mode 2nd Mode 3rd Mode Watts

o 253.3 0.00856 - 0.0110

310.3 0.0137 9.7 0.0282

378.4 0.0246 11.4 0.0904

421.7 0.0278 12.4 0.116

455.5 0.0385 13.4 0.221

494.6 0.0650 14.4 0.631

565.6 0.149 15.7 3.32

609.1 0.193 16.6 5.54

6550.0 0.254 17.4 g.64
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TABLE 10

i. THE EFFECTSOF U ON p, ON ACOUSTICPOWER,AND ON CAVITYFLOW
1,4 t

OSCILLATIONFREQUENCYFOR FIXED VALUESOF b = 0.4 in. ANDd = 0.1 in.

_ VELOCITY,U , P FREQUENCY,kHz TOTAL POWER

) ft/sec psi Ist Mode 2nd Mode 3rd Mode Watts

_u

_! 2 0.0255' 270.9 0.0122

321.1 0.0193 8.9 13.4 0.0635

384.1 0.0348 10.2 15.4 0.207

! 406.1 0.0480 10.7 16.5 0.395
i

,i 453.2 0.0856 11.7 17.8 1.26

479.9 0.120 12.2 2.48

546.4 0.177 13.4 5.34

574.0 0.201 13.8 6.93

606.0 0.249 14.3 10.6

645.4 0.280 14.9 13.4
¢

683.8 0.337 15.5 19.5

i

I

!i
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U _ 183 ft/sec
DEPTH _ 0.25 in.

HORIZONTAL SCALE 50/_s/DIVISION
q

(a) b< bmin

NON-OSCILLATINGCAVITYCONFIGURATION

(b) b > bmin - 0.25 in.

OSCILLATINGCAVITYCONFIGURATION

UPPERTRACE: PRESSURETRANSDUCERSIGNALINSIDETHECAVITY

LOWERTRACE: HOT-WIRESIGNALIN CAVITYSHEARLAYER

HORIZONTALANDVERTICALSCALESSAMEIN ALLTRACES

FIGURE2. OSCILLOSCOPETRACESOF CAVITYOSCILLATIONS

J
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24 _MODE " -

22
N

" WIDTHb " O.25 in,

>: 20 - DEPTHd " O.2 in.
z 2.15in.

rm d
_: 18

p-

< 16..J

O

_ 14

! 12 '

I

i L Uoolmin = 470ft/sec
I I I I I

400 450 500 550 600 650 700

FREESTREAMVELOCITYUco, ff/_c

FIGURE4. EFFECTOF FREESTREAMVELOCITY ON FREQUENCVOFCAVITY FLOWOSCILLATIONSFOR

FIXED CAVITY WIDTH b = 0.25 IN. ANDDEPTHd - 0.2 tn.

, j
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" °i _ DEPTHd " O.2in.
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FREESTREAMVELOCITYU_, ff/sec

FIGURE5. EFFECTOF FREESTREAMVELOCITYONFREQUENCYOF CAVITYFLOWOSCILLATIONSFOR

A FIXEDCAVITYWIDTHb " 0.3 IN. ANDDEPTHd - 0.2 IN.
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0 I I I
300 400 RE) 600

FREESTREAMVELOCITYU_(ft/sec)

FIGURE7. INFLUENCEOF FREESTREAMVELOCITYONCAVITYPRESSUREFLUCTUATIONSFORCAVITY
WIDTHb - 0.3 IN, ANDDEPTHd • 0.1 IN.
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105 I _ I
)00 400 500 600

FREESTREAMVELOCITYUoo(ft/sec)

FIGURE8. EFFECTOFFREESTREAMVELOCITYONCAVITY,SOUNDPRESSURELEVELFOR

WIDTHb -0.3 IN. ANDDEPTHd- 0.1 IN, t
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FIGUREI0. INFLUENCEOF FREE-STREAMVELOCIT_ON CAVITYACOUSTICPOWER FORA FIXED

CAVITYWIDTH b • 0.3 IN. AND DEPTHd • 0.055 IN,
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FIGURE II. INFLUENCE OF FREE-STREAM VELOCITY ON CAVITY ACOUSTIC POWER FOR A FIXED

WIDTH b = 0.4 IN. AND DEPTH d • O.l IN.



ORIGINALPA6_ I8

-34- O_ POORQUALITY /

L ................





36



I



-38- /




